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TESTING APPARATUS 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates toa testing apparatus . More 
particularly, the present invention relates to a testing 
apparatus including a plurality of testing module slots to which 
different types of testing modules are optionally mounted. 

10 

2. Description of the Related Art 

A testing apparatus for performing an analog test of a 
device under test performs the test by allowing one testing module 
to generate and supply a test signal to the device under test 

15 and another testing module to measure the output signal from 
the device under test. In order to realize the operations of 
such testing modules, the testing apparatus controls the testing 
modules synchronously, while supplying trigger signals to them 
based on a testing program which determines test sequences such 

20 as the operation order of the testing modules. 

Recently, a testing apparatus including a plurality of 
testing module slots to which different types of testing modules 
for generating different types of test signals for the test of 
the device under test respectively are optionally mounted has 

25 been developed. In such testing apparatus, since the testing 
modules mounted to the plurality of testing module slots 
respectively are optionally changed, and the times required for 
the test operations for the test modules are different from each 
other, it is inevitable to make a test ing program which corresponds 

30 to the mount ing posit ions or the combination of the test ing modules 



2 



whenever the testing modules are changed, and it is necessary 
to prepare a process for a extremely difficult test. 

SUMMARY OF THE INVENTION 

5 

Therefore, it is an object of the present invention to 
provide a testing apparatus, which is capable of overcoming the 
above drawbacks accompanying the conventional art. The above 
and other objects can be achieved by combinations described in 
10 the independent claims. The dependent claims define further 
advantageous andexemplary combinations of the pre sent invention . 

According to the first aspect of the present invention, 
a testing apparatus including a plurality of testing module slots 

15 to which different types of testing modules for testing a device 
under test are optionally mounted, includes operation order 
holding means for holding information indicating that a test 
operation by a first testing module among the plurality of testing 
modules should be performed before a test operation by a second 

20 testing module among the plurality of testing modules, trigger 
return signal receiving means for receiving a trigger return 
signal from the first testing module, the trigger return signal 
indicating that the first testing module has completed the test 
operation thereof, when the test operation of the first testing 

25 module has been completed, and trigger signal supplying means 
for supplying a trigger signal to the second testing module, 
the trigger signal indicating that the second testing module 
should start the test operation thereof, when the trigger return 
signal receiving means receives the trigger return signal. 

30 Thef irst test ingmodulemaybeanarbitrarywavef ormadjustor 

for generating and supplying an arbitrary analog waveform to 



3 



the device under test, the second testing module may be a phase 
characteristics tester for receiving an analog waveform output ted 
by the device under test in response to the analog waveform supplied 
from the arbitrary waveform adjustor, and testing phase 
5 characteristics of the analog waveform, the operation order 
holding means may hold information indicating that the phase 
characteristics tester should perform a receiving operation of 
the analog wave f ormfrom the device under test , after the arbitrary 
waveform adjustor performs a supply operation of the analog 

10 waveform to the device under test, the trigger return signal 
receiving means may receive the trigger return signal from the 
arbitrary wavef ormadjustor , the trigger returnsignal indicating 
that the arbitrary waveform adjustor has completed the supply 
operation, when the supply operation at a predetermined time 

15 of the analog waveform has completed by the arbitrary waveform 
adjustor, and the trigger signal supplying means may supply the 
trigger signal to the phase characteristics tester, the trigger 
signal indicating that the phase characteristics tester should 
start the receiving operation of the analog waveform from the 

20 device under test , when the trigger return signal receiving means 
receives the trigger return signal. 

The trigger return signal receiving means and the trigger 
signal supplying means may be a multiplexer circuit for obtaining 
each of a plurality of the trigger return signals from each of 

25 the plurality of testing modules, selecting one of the trigger 
return signals obtained from the first testing module, and 
supplying the selected trigger returnsignal to the second testing 
module as the trigger signal, and the operation order holding 
means may be a flip-flop circuit for holding a select signal 

30 for controlling the multiplexer circuit to select the trigger 
return signal . 
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The first testing module may perform first and second test 
operations in parallel, the operation order holding means may 
hold information indicating that the test operationby the second 
testing module should be performed after the first test operation 
5 by the first testing module, and information indicating that 
a test operation by a third testing module among the plurality 
of testing modules should be performed after the second test 
operationby the first testing module, the trigger return signal 
means may receive a first trigger return signal from the first 

10 testing module, the first trigger return signal indicating that 
the first testing module has completed the first test operation, 
when the first test operation of the first testing module has 
been completed, and a second trigger return signal from the first 
testing module , the second trigger return signal indicating that 

15 the first testing module has completed the second test operation, 
when the second test operation of the first testing module has 
been completed, and the trigger signal supplying means may supply 
a first trigger signal to the second testing module, the first 
trigger signal indicating that the second testing module should 

20 start the test operation thereof, when the trigger return signal 
receiving means receives the first trigger return signal, and 
a second trigger signal to the third testing module, the second 
trigger signal indicating that the third testing module should 
start the test operation thereof, when the trigger return signal 

25 receiving means receives the second trigger return signal . 

The summary of the invention does not necessarily describe 
all necessary features of the present invention. The present 
invention may also be a sub-combination of the features described 
30 above . The above and other features and advantages of the present 
invent ionwi 11 become moreapparent f romthe f ollowingdescript ion 
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of the embodiments taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig. 1 shows an example of the configuration of a testing 
apparatus 100 related to an exemplary embodiment of the present 
invention . 

Fig. 2 shows an example of the detailed configuration of 
10 a testing apparatus 100 related to this embodiment. 

Fig. 3 shows an example of the operation sequence of a 
testing apparatus 100 related to this embodiment. 

Fig. 4 shows an example of the configuration of a trigger 
matrix 206 related to this embodiment. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described based on the preferred 
embodiments, which do not intend to limit the scope of the present 

20 invention, but exemplify the invention. All of the features 
and the combinations thereof described in the embodiment are 
not necessarily essential to the invention. 

Fig. 1 shows an example of the configuration of a testing 
apparatus 10 0 related to an exemplary embodiment of the present 

25 invention. The testing apparatus 100 includes a general 
controlling apparatus 102, site controlling apparatuses 104, 
analog synchronization circuit controlling units 106, digital 
synchronization controlling units 108, a plurality of analog 
testing modules 110 and a plurality of digital testing modules 

30 112. The plurality of analog and digital testing modules 110 
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and 112 are an example of the testing modules of the present 
invention . 

ThetestingapparatuslOOgeneratesandsupplies test signals 
to the devices under test 12 0 , obtains the output signals outputted 
5 by the devices under test 120 as a result of their operations 
in response to the test signals, and judges the quality of the 
devices under test 120 based on the output signals . The testing 
apparatus 100 uses modules based on an open architecture as the 
analog or digital testing module 110 or 112 for supplying the 

10 test signal to the device under test 12 0. In other words, to 
a plurality of testing module slots, different types of analog 
or digital testing modules 110 or 112 for generating different 
types of test signals for the test of the devices under test 
120 respectively are optionally mounted. 

15 The general controlling apparatus 102 obtains and stores 

a test controlling program, a testing program, test data, etc. 
used for the test of the devices under test 120 via an external 
network. The site controlling apparatus 104 controls the analog 
and digital testing modules 110 and 112, and tests the plurality 

20 of devices under test 12 0 in parallel at the same time. The 
connection relation between the site controlling apparatus 104 
and the analog and digital testing modules 110 and 112 is changed 
corresponding to the number of pins of the device under test 
120, the wiring type of the performance board, the type of the 

25 analog and digital testing modules 110 and 112, etc. In other 
words, each of the plurality of site controlling apparatuses 
104 performs a different test sequence in response to the 
performance of the devices under test 12 0 by dividing the plurality 
of analog and digital testing modules 110 and 112 into plural 

30 sites, and controlling the operation of the analog or digital 
testing module 110 or 112 included in each site. 
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The site controlling apparatus 104 obtains and executes 
the test controlling program from the general controlling 
apparatus 102. And, the site controlling apparatus 104 obtains 
the testing program and the test data used in the test of the 
5 device under test 12 0 based on the test controlling program, 
and supply them to the analog or digital testing module 110 or 
112 used in the test of each of the devices under test 120 . Then, 
the site controlling apparatus 104 instructs the analogor digital 
testing module 110 or 112 to start the test based on the testing 

10 program and the test data by supplying the trigger signal and 
the clock signal from the analog synchronization circuit 
controlling unit 106 to the analog or digital testing module 
110 or 112. And, the site controlling apparatus 104 receives 
an interruption indicating the end of the test from the analog 

15 ordigital synchronizationcontrollingunit 106or 108 , andinf orms 
the general controlling apparatus 102 of it. 

The analog synchronization circuit controlling unit 106 
controls the test sequences by the analog testing modules 110 
based on the control of the site controlling apparatus 104 . For 

20 example, the analog synchronization circuit controlling unit 
106 supplies the analog testing module 110 with the trigger signal 
to start the test operation of the device under test 120 and 
the clock signal to control the test operation, and receives 
the trigger return signal indicating the completion of the test 

25 operationof the analog test ing module 110 from the analog testing 
module 110. In addition, the analog and digital synchronization 
controlling units 106 and 108 may hand over the trigger return 
signal to each other. For example, the digital synchronization 
controlling unit 108 may hand over the trigger return signal 

30 received from the digital testing module 112 to the analog 
synchronization circuit controlling unit 106, and the analog 



8 



synchronization circuit controlling unit 106 may supply the 
trigger signal to the analog testing module 110 based on the 
trigger return signal received from the digital synchronization 
controlling unit 108. 
5 Particularly, the analog synchronization circuit 

controlling unit 106 has a function as operation order holding 
means of the present invention, so that it can hold the information 
indicating that the test operation by a first testing module 
110 among the plurality of analog testing modules 110 should 

10 be performed before the test operation by a first testing module 
110 among the plurality of analog testing modules 110 . For example, 
the analog synchronization circuit controlling unit 106 is set 
in advance by hardware before the test of the device under test 
12 0 begins in order to supply the trigger signal to the second 

15 analog testing module 110 when receiving the trigger return signal 
from the first analog testing module 110. And, the analog 
synchronization circuit controlling unit 106 has a function as 
trigger return signal receiving means of the present invention 
and thus receives the trigger return signal indicating that the 

20 first analog testing module 110 completes its test operation, 
when the test operation of the first analog testing module 110 
has been finished, from the first analog testing module 110. 
And, the analog synchronization circuit controlling unit 106 
has a function as trigger supplying means of the present invention 

25 and thus supplies the second analog testing module 110 with the 
trigger signal indicating that the second analog testing module 
110 should begin its test operation, when the trigger return 
signal receiving means receives the trigger return signal . 

In addition, if the analog testing module 110 performs 

30 different types of testing operations in parallel for one or 
more devices under test 120, the analog synchronization circuit 



9 



controlling unit 106 may operate in the following manner. The 
analog synchronizationcircuit control lingunit 106has a function 
as the operation order holding means of the present invention 
and thus holds the information indicating that .the first test 
5 operationby a first analog testingmodule 110 should be performed 
before the test operation by a second analog testing module 110, 
and the information indicating that the second test operation 
by the first analog testing module 110 should be performed before 
the test operation by the third analog testing module 110 . And, 

10 the analog synchronization circuit controlling unit 106 has a 
function as the trigger return signal receiving means of the 
present invention and thus receives a first trigger return signal 
indicating that the first analog testing module 110 completes 
the first test operation, when the first test operation of the 

15 first analog testing module 110 has been finished, from the first 
analog testing module 110, and a second trigger return signal 
indicating that the first analog testing module 110 completes 
the second test operation, when the second test operation of 
the first analog testing module 110 has been finished, from the 

20 first analog testingmodule 110 . And, the analog synchronization 
circuit controlling unit 106 has a function as the trigger signal 
supplying means of the present invention and thus supplies the 
second analog testing module 110 with a first trigger signal 
indicating that the second analog testingmodule 110 should begin 

25 its test operation, when the trigger return signal receiving 
means receives a first trigger return signal, and supplies the 
third analog testing module 110 with a second trigger signal 
indicating that the third analog testing module 110 should begin 
its test operation, when the trigger return signal receiving 

30 means receives a second trigger return signal . 
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As above, according to the testing apparatus 100 related 
to this embodiment, by supplying the trigger signal to a 
predetermined analog testing module 110 based on the trigger 
return signal received from a predetermined analog or digital 
5 testing module 110 or 112 during test operation, where the analog 
synchronization circuit controlling unit 106 is set in advance 
by hardware, the predetermined analog testing module 110 can 
start its operation, and a plurality of analog and digital testing 
modules 110 and 112 can operate in a desired order . Accordingly, 

10 althoughthe analog anddigital testingmodules 110 andll2 mounted 
to the plurality of testing module slots are optionally changed, 
it is possible to reduce the work required to make the test program 
corresponding to the mounting positions or the combination of 
the testing modules, and to curtail the time required to test 

15 the devices under test. Further, the digital synchronization 
controlling unit 108 may control the test operation of the digital 
testing module 112 by functioning as the analog synchronization 
circuit controlling unit 106 described above. 

Fig. 2 shows an example of the detailed configuration of 

20 the testing apparatus 10 0 rel at ed to this embodiment . The testing 
apparatus 100 includes an arbitrary waveform adjustor 110a and 
a phase characteristics tester 110b as the analog testing module 
110, and a pattern generator 112a as the digital testing module 
112. The analog synchronization circuit controlling unit 106 

25 includes reference clock generating unit 200, a variable clock 
generating unit 2 02, a clock matrix 2 04, and a trigger matrix 
206. 

The arbitrary wave form adjustor 110a generates and supplies 
an arbitrary analog waveform to the device under test 12 0 based 
30 on the control of the analog synchronization circuit controlling 
unit 106. In addition, the phase characteristics tester 110b 
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receives the analog waveform outputted by the device under test 
120 in response to the analog waveform supplied from the arbitrary 
waveform adjustor 110a, and tests the phase characteristics of 
the analog waveform. The arbitrary waveform adjustor 110a and 
5 the phase characteristics tester 110b have PLL (Phase Locked 
Loop) circuits, and operate while generating internal clocks 
based on the reference clock generated by the reference clock 
generating unit 200 . The pattern generating unit 112a sets the 
device under test 12 0 by generating and supplying a digital pattern 

10 to the device under test 12 0 based on the control of the digital 
synchronization controlling unit 108. 

The clock matrix 204 is set with respect to hardware in 
advance before the test of the device under test 120, so that 
the connections of the input and the output are determined. In 

15 otherwords , whichclock signal from the variable clockgenerating 
unit 202, the digital synchronization controlling unit 108, the 
performance board, etc. is supplied to the arbitrary waveform 
adjustor 110a or the phase characteristics tester 110b is 
determined. In addition, the trigger matrix 206 is set with 

20 respect to hardware in advance before the test of the device 
under test 120, so that the connections of the input and the 
output are determined. In other words, when a trigger return 
signal from any of the arbitrary waveform adjustor 110a, the 
phase characteristics tester 110b, the pattern generator 112a, 

25 etc. is received, which the arbitrary waveform adjustor 110a 
or the phase characteristics tester 110b the trigger signal is 
supplied to is determined. 

That is , the trigger mat rix2 0 6 has a function as the operation 
order holding means of the present invention, and thus holds 

30 the information indicating that the supply operation of the 
arbitrary waveform adjustor 110a to the device under test 120 



12 



should be performed before the receiving operation of the phase 
characteristics tester 110b from the device under test 120 . And, 
the trigger matrix 206 has a function as the trigger return signal 
receiving means, and thus receives a trigger return signal 
5 indicating that the arbitrary waveform adjustor 110a completes 
its supply operation, when the arbitrary waveform adjustor 110a 
has finished the supply operation of the analog waveform at a 
predetermined time, from the arbitrary waveform adjustor 110a. 
And, the trigger matrix 2 06 has a function as the trigger signal 

10 supplying means, and thus supplies a trigger signal indicating 
that the phase characteristics tester 110b should begin its 
operation to receive the analog waveform from the device under 
test 12 0, when the trigger return signal receiving means has 
received the trigger return signal , to the phase characteristics 

15 tester 110b. 

As above, by sequentially controlling the operations of 
the arbitrary wave formadj us tor 110a and the phase characteristics 
tester 110b through receiving and sending the trigger return 
signal and the trigger signal, although there occurs a delay 

20 in applying the analog waveform to the device under test 12 0 
bythearbitrarywavef ormad just er 110a, the phase characteristics 
tester 110b does not start to receive the analog waveform as 
long as there occurs no trigger return signal from the arbitrary 
waveform adjustor 110a, whereby there isn't any disorder in the 

25 test sequences to allow the phase characteristics tester 110b 
to start to receive the analog waveform before the arbitrary 
waveform adjustor 110a finishes applying the analog waveform, 
while the arbitrary waveform adjustor 110a and the phase 
characteristics tester 110b can be operated in a proper order 

30 and with proper timing. 
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Fig. 3 shows an example of the operation sequence of the 
testing apparatus 100 related to this embodiment. First, the 
reference clock generating unit 2 00 makes the arbitrary waveform 
adjustor 110a and the phase characteristics tester 110b capable 
5 of operating by applying the reference clock to the arbitrary 
wavef ormadjustor 110a and the phase characteristics tester 110b . 
At this time, the arbitrary waveform adjustor 110a is in a wait 
state for a start signal as an example of the trigger signal, 
and the phase characteristics tester 110b is in a wait state 

10 for the trigger signal . 

Then, the pattern generator 112a generates and supplies 
a digital pattern to the device under test 12 0 based on the control 
of the digital synchronization controlling unit 108, and sets 
up the device under test 120. The pattern generator 112a turns 

15 into the wait state when the set-up of device under test 120 
is completed. Meanwhile, when the start signal is supplied to 
the arbitrary waveform adjustor 110a from the digital 
synchronization controlling unit 108 via the trigger matrix 206, 
the arbitrary wave formadj us tor 11 Oagenerates the analog wave form 

20 stored in a pattern memory, and starts to supply the device under 
test 120. And, the arbitrary waveform adjustor 110a supplies 
a marker signal as an example of the trigger return signal to 
the trigger matrix 206, when finishing its supply operation at 
a predetermined time of the analog waveform to the device under 

25 test 120. The trigger matrix 206 supplies the trigger signal 
to the phase characteristics tester 110b, when receiving the 
marker signal from the arbitrary waveform adjustor 110a. 

And, the phase characteristics tester 110b receives the 
analogwavef ormoutput tedf romthedeviceunder t est 12 0 inresponse 

30 to the analog waveform supplied from the arbitrary waveform 
adjustor 110a, when receiving the trigger signal from the trigger 
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matrix 206. The phase characteristics tester 110b supplies a 
capture end signal as an example of the trigger signal to the 
trigger matrix 206, when finishing the receiving operation of 
the analog waveform outputted from the device under test 120. 
5 And, the trigger matrix 206 supplies a continue signal to the 
digital synchronization controlling unit 108, when receiving 
the capture end signal from the phase characteristics tester 
110b. The digital synchronization controlling unit 108 allows 
the pattern generator 112a to generate a new digital signal and 

10 set up the device under test 120, when receiving the continue 
signal. The pattern generator 112a turns into the wait state, 
when the set-up of the device under test 12 0 is finished. In 
addition, the digital synchronization controlling unit 108 
supplies an advance signal as an example of the trigger signal, 

15 when receiving the capture end signal from the trigger matrix 
206. The trigger matrix 206 supplies the advance signal as an 
example of the trigger signal to the arbitrary waveform ad justor 
110a, when receiving the advance signal from the digital 
synchronization controlling unit 108. 

20 And, the arbitrary waveform adjustor 110a switches the 

analog waveform by generating the next analog waveform stored 
in the pattern memory and starts to supply the device under test 
120, when receiving the advance signal from the trigger matrix 
206. As above, by sequentially repeating the set-up operation 

25 of thepatterngenerator 112a, the supply operationof the arbitrary 
waveform adjustor 110a, and the receiving operation of the phase 
characteristics tester 110b, the output waveform of the device 
under test 120 is received by the phase characteristics tester 
110b in response to each of the plurality of different analog 

30 waveforms. And, the phase characteristics tester llObgenerates 
an interruption to the site controlling apparatus 104 and informs 
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that the test sequence is finished, when a predetermined number 
of output wave forms have been rece ived . And , t he s i t e cont rol 1 ing 
apparatus 104 stops the arbi trary wave formadj us tor 1 1 0a supply ing 
the analog waveform to the device under test 12 0 , stops the digital 
5 synchronization controlling unit 108 operating, and stops the 
pat tern generator 112 a supplying the digital pattern to the device 
under test 120. And, the site controlling apparatus 104 stops 
the reference clock generating unit 200 supplying the reference 
clock to the arbitrary waveform adjustor 110a and the phase 

10 characteristics tester 110b. 

As above, the trigger matrix 2 06 performs receiving- and 
sending with regard to the start signal, the marker signal, the 
trigger signal, the capture end signal, the continue signal, 
or the advance signal from and to the arbitrary waveform adj ustor 

15 110a, thephasecharacteristics tester 110b, thepatterngenerator 
112a, or the digital synchronization controlling unit 108 based 
on the predetermined hardware set-up . Accordingly, the testing 
apparatus 10 0 inthis embodiment canoperate thearbitrarywavef orm 
adjustor 110a, the phase characteristics tester 110b, and the 

20 pattern generator 112a in a desired order based on the testing 
program where the operation order of the arbitrary waveform 
adjustor 110a, the phase characteristics tester 110b, and the 
pattern generator 112a is not determined. 

Fig. 4 shows an example of the configuration of the trigger 

25 matrix 206 related to this embodiment. The trigger matrix 206 
includes a plurality of trigger controlling modules 400. Each 
of the trigger controlling modules 400 includes a multiplexer 
circuit 402, a priority encoder 404, and a flip-flop circuit 
406. Each of the trigger controlling modules 400 is coupled 

30 to the plurality of analog testing modules 110 respectively such 
as the arbitrary waveform adjustor 110a and the phase 
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characteristics tester 110b, and supplies the trigger signal 
to each of the plurality of analog testing modules in response 
to the supplied trigger return signal. 

First , the hardware set -up of the trigger control ling module 
5 400 before the test of the device under test 120 begins will 
be described. When a status signal is supplied to the trigger 
controlling module 400 by at least one of trigger return signal 
sources based on an instruction of the site controlling apparatus 
104, the priority of encoder 404 receives signals supplied from 

10 the plurality of trigger return signals via a plurality of 
interfaces respectively, and calculates and supplies the status 
information indicating which trigger return signal source 
supplies the status signal to the flip-flop circuit 406. And, 
when an enable signal is supplied to the flip-flop circuit 406 

15 by the arbitrary waveform adjustor 110a based on an instruction 
of the site controlling unit 104, and a set-up request signal 
is supplied from the site controlling unit 104 to the flip-flop 
circuit 4 06 , the flip- flop circuit 4 06 holds the status information 
being supplied from the priority encoder 4 04 when the set-up 

20 request signal is supplied as a select signal for controlling 
the multiplexer circuit 402 to select the control signal based 
on the set-up request signal . Accordingly, the hardware set-up 
of the trigger controlling module 4 00 is performed, and the 
connections of the input and the output are determined. Here, 

25 as the trigger return signal sources, there is the digital 
synchronization controlling unit 108, the arbitrary waveform 
adjustor 110a, the phase characteristics tester 110b, the 
performance board, etc. 

Next, the operation of the trigger controlling module 400 

30 during the test of the device under test 12 0 will be described. 
The flip-flop circuit 406 supplies the status information held 
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before the start of the test as described above to the multiplexer 
circuit 402 as the select signal. And, the multiplexer circuit 
4 02 is functioning as the trigger return signal receiving means 
of the present invention, and obtains a plurality of trigger 
5 return signals supplied from each of the plurality of trigger 
return signal sources based on an instruction of the site 
controlling apparatus 104. And, the multiplexer circuit 402 
is functioningas the trigger signal supplyingmeansof the present 
invention, and selects the trigger return signal obtained from 

10 each of the trigger return signal sources , a plurality of trigger 
return signals, the digital synchronization controlling unit 
108 or the phase characteristics tester 110b based on the select 
signal supplied from the flip-flop circuit 406, and supplies 
it to the arbitrary waveform adjuster 110a as the trigger signal. 

15 According to the trigger controlling module 400 related 

to this embodiment, before the start of the test of device under 
test 120 , the priority encoder 404 generates status information, 
and the flip-flop circuit 406 holds it as the select signal, 
whereby the hardware set-up of the trigger controlling module 

20 400 is performed, and the test can be performed by properly 
selecting the trigger signal source in response to the arbitrary 
wavef ormadjustor 110a and the phase characteristics tester 110b . 

Although the present invention has been described by way 
of exemplary embodiments, it should be understood that those 

25 skilled in the art might make many changes and substitutions 
without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 



